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PROCESS FOR MANTTFACTURTNO AT ir A *n,c WITH 
The present invention relates to a process for the manufacture of alkanes by a 
catalytic reaction employing methane with at least one other alkane. 

Alkanes, such as methane, are generally products which are difficult to employ 
because of their chemical inertia. Nevertheless, the conversion of alkanes into other 
alkanes is known. Hydrogenolysis reactions, which consist of cleavage or opening 
reactions of a carbon-carbon bond by hydrogen, are known, for example. Isomerization 
reactions, which convert an alkane into one of its isomers, for example n-butane into 
isobutane, are also known. All these reactions are generally carried out at relatively high 
temperatures and in the presence of catalysts based on metals, in particular on transition 
metals, in the bulk form or in the form of films or alternatively in the form of metal 
particles deposited on inorganic supports essentially based on metal oxide or refractory 
oxide. Thus, for example, the catalyst can be of the following types: nickel black, 
Ni/SiG 2 , platinum black, Pt/Si0 2 , Pd/Al 2 0 3 , or tungsten or rhodium film, optionally 
mixed with copper, tin or silver. With some metal catalysts, it was possible 
simultaneously to observe alkane homologation reactions, which consist of reactions 
which convert alkanes into higher homologous alkanes. However, alkane homologation 
reacuons are generally very minor reactions in comparison with the hydrogenolysis or 
isomerization reactions and their results are very poor. 

Nevertheless, it remains the case that a process for the conversion of an alkane 
mto one of its homologues would constitute a means for enhancing these alkanes in 
value, in particular methane. It is known that, as a genera, rule, alkanes of low molecular 
we,ght cannot be exploited to any great extent in chemistry or petrochemistry, other than 
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as fuels, whereas heavier alkanes are often of greater commercial interest, such as, for 
example, to increase the octane number of engine fuels or alternatively to involve these 
heavier alkanes in thermal or thermal catalytic cracking or steam cracking reactions in 
order to manufacture, for example, olefins or dienes. 

In this sense, Patent Application PCT/FR 97/01266 discloses a process for the 
metathesis of alkanes. A metathesis is a double decomposition reaction of two identical 
or different compounds which forms two new compounds by a double recombination. In 
this case, at least one alkane is reacted with itself or several alkanes with one another in 
the presence of a solid catalyst comprising a metal hydride grafted to and dispersed over 
a solid oxide. Thus, the metathesis reaction is carried out in the presence of this metal 
hydride by cleavage and recombination of the carbon-carbon bonds, converting an alkane 
simultaneously into its higher and lower homologues. The reaction can be written 
according to the following equation (1): 

2C„H 2n+2 _> C^H^n-i^ + Cn+iH^o+j)^ (1) 

where i = 1,2,3,... n-1 and n can range from 2 to 30 and even beyond. 

The catalyst used is a catalyst based on metal hydride and comprises a transition 
metal chosen in particular from those from groups 5 and 6 of the Table of the Periodic 
Classification of the Elements (as defined by IUPAC in 1991 and illustrated in "Hawley's 
Condensed Chemical Dictionary", 12* edition, by Richard J. Lewis, Sr., published by 
Van Nostrand Reinhold Company, New York, 1993), such as, in particular, tantalum, 
chromium or tungsten. The preparation of the catalyst comprises a stage of 
hydrogenation of an organometallic precursor comprising a transition metal dispersed 
over and grafted to a solid oxide beforehand, so that the transition metal is reduced to an 
oxidation state lower than its maximum value, thus resulting in the metal hydride. 
However, as in any metathesis of alkanes, in particular carried out in the presence of this 
metal hydride, higher and lower homologous alkanes are simultaneously manufactured, 
by cleavage and recombination reactions of carbon-carbon bonds, employing at least ' 
C 2 alkanes (ethane). 

A novel process for the manufacture of alkanes has now been found which makes 
use of a reaction resulting from bringing methane into contact with at least one other 
starting alkane in the presence of a catalyst capable of catalysing a metathesis of alkanes. 
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The process has the advantage of enhancing the vaiue of methane, which is available in 
large amounts on the market and is known for being used essentially as a fuel Finally 
the process makes possible the direct manufacture of the desired product without 
forming a large number of by-products and thus makes it possible to avoid or to cut back 
on lengthy and expensive operations for the separation and isolation of the desired 
product. 

A subject-matter of the invention is therefore a process for the manufacture of 
alkanes, characterized in that it comprises, as main stage, a reaction resulting from 
bnngmg methane into contact with at least one other starting alkane (A) in the presence 
of a catalyst based on a metal M capable of catalysing a metathesis of alkanes which 
reaction results in the formation of at least one or two final alkanes (B) having a number 
of carbon atoms less than or equal to that of the starting alkane (A) and at least equal to 

More particularly, a catalytic reaction is carried out which results from bringing - 
methane into contact with at least one other starting C alkane (A) (that is to say 
comprising n carbon atoms), with n being equal to at least 2, preferably to at least 3 so 
that the reaction results in the formation of at least one or two final C 2 to Q alkanes' (B) 
(that is to say, having a number of carbon atoms ranging from 2 to n). 

The reaction can be written according to one or more of the following equations 

20 (2): 

CJ^+CnH^ -> CmH^j + C^H^ ( 2 ) 
(A) (B) (B) 

in which equation (2) n is an integer at least equal to 2, preferably at least equal to 3, and 
a is an integer ranging from 1 to n- 1 . 

25 Thus, the process of the invention comprises, as main stage, one or more 

reactions resulting from bringing methane into contact with at least one other starting 
alkane (A), the mechanisms of which reactions have not yet been clearly determined 
Tfos ,s because it is particularly surprising to find that methane, which does not comprise 
a carbon-carbon bond, can react directly or indirectly with another starting aU^A) in 

30 the presence of a catalyst capable of catalysing a reaction for the metathesis of alkanes by 
cleavage and recombination of the carbon-carbon bonds. The reaction employed in the 
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process of the present in vention is carried out by simply bringing methane into contact 
with at least one other starting alkane (A) in the presence of a catalyst for the metathesis 
of alkanes and under relatively mild conditions, as described a little later. 

The starting alkane (A) can be a substituted or unsubstituted acyclic alkane, that 
is to say composed of a linear or branched but unclosed (^on-comprising chain. It can 
correspond to the general formula: 

CHzn+j (3) 

in which n is an integer ranging from 2 to 60 or from 3 to 60, preferably from 3 to 50, in 
particular from 3 to 20. 

The starting alkane (A) can also be a cyclic alkane or cycloalkane substituted in 
particular by a linear or branched carbon-comprising chain, for example by an alkyl 
radical. It can correspond to the general formula: 

CJH2n (4) 

in which n is an integer ranging from 5 to 60, preferably from 5 to 20, in particular from 
5 to 10. 

Use may be made of one or more starting alkanes (A) such as those described 

above. 

More particularly, the starting alkane (A) can be chosen from C 3 to C„ or C 3 to 
C 17 alkanes, for example propane, n-butane, isobutane, n-pentane, isopentane, n-hexane, 
n-heptane, n-octane, n-nonane and n-decane. 

Thus, for example, in the process of the present invention, methane can be 
brought into contact with propane to form ethane or alternatively methane can be 
brought into contact with n-butane ethane and propane. 

The starting alkane (A) can also be chosen from paraffins, such as n-paraffins, 
isoparaffins and cycloparaffins, for example C„ to C* or to C*. or alternatively C a 
to C 4S n-paraffins, isoparaffins and cycloparaffins. 

Methane is brought into contact with at least one other starting alkane (A) in the 
presence of a catalyst based on a metal M capable of or known for catalysing a 
metathesis of alkanes. It is in particular a catalyst which, if it were brought into contact 
with at least one alkane, for example a C 2 to C30 alkane, would result in a metathesis of 
the alkane as represented by the equation (1). It can in particular be a catalyst comprising 
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a hydride of a me*, M gmfted ,„ and dispersed over a solid support, such as a meta. 
ox.de or sulphide or refractory oxide or sulphide. Without it being possibfe to explain m 
deta.1 the catalytic mechanism of the main reaction of the process of the present 
■nvenuon, i, is , ik e, y t0 bnagine the ^ „ ^ ^ ^ ^ 

■s brought into contact with methane, the catalyst can probably fom , ^ 

complex, which might be the cafclyticnKy active species with tegard ,„ the sorting 
alkane (A). 6 

The catalyst comprises, for example, a solid support to which are grafted and 
over wh.ch are disperse* meta. atoms of the me*! M which are found in the hydride 
form. Thus, the catalyst prefetabiy comprises a metai M bonded to a, leas, one hydtogen 

The meta] M can be chosen from transition metals, in particular the metals from 
columns 3, 4, 5 and 6 of the Table of the Periodic Classification of the Elements 
menuoned above, and from .anthanides and acrinides. The metal can, for example be - 
chosen from scandium, yttrium, lanthanum, titanium, zi^ium, 
nrobmn, tantalum, chromium, molybdenum, tungsten, cerium and neodymium 
Preference is given to a metal chosen from the transition metals of the abovementioned 
columns 4, 5 and 6 and in particular from titanium, zirconium, hafnium, vanadium, 
™ob,um, tantalum, chromium, molybdenum and tungsten. More particularly, preference 
■s grven to tantalum, chromium, vanadium, niobium, molybdenum or tungsten 

The metal M present in the catalys, in the hydride form and attached to the solid 
support ,s generally a, an oxidation state lower than its maximum value It can, for 
example, be a, an oxidation state lower by ! or 2 points than its maximum value In 
partrcular, the metal can be in a state of advanced electronic unsaturating its valence 
ayer can be highly deficient in electrons (less than 1 6 electrons); in the cases observed 
there are approximately 1 0 electrons. 

or 1 JT T hydri<le " a " aChed '° * S °' id SUPPOr, «*"" CM »° *™ ««- 

or sulphrdes. Preference is given t „ . «* ^ suc „ „ , ^ ^ ^ 

ox. e or a mixture of oxides, for example silica, alumina, a mixture of silica and alumina, 
zeohte, natural Cays, aluminium sihcates, titanium oxide, magnesium oxide, niobium 
ox, e or .rconium oxide. The solid support can be a meta, oxide or refractory oxide 
muddled by an acid, such as a sulphated zirconia or a sulphated alumina. The solid 
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support can ateo be a me*. ^ „ a ^ 

sulphured alumina or . «4ph-tad M oxide. „ is preferable to ^ , ^ ^ 
chosen from silicas ^ atemmas, fa ^ ^ ^ ^ ^ ^ 

aluminas, for exalte mesoporous ^ ^ ^ ^ ^ ^ ^ ^ 

The solid support ba5 ed „„ met m oxide or refiact0Iy ^ ^ ^ e 

m "** ^ a ' 0mS ^ " f0 ™ >" ° f «—n Z of 
S n « ,hemaa,M — — *■» bonded to one or, preferah Iy „ 
a. leas, two fcnctional groups of the sold support. „ , Ms ^ tf lhe ^ * 

I " 0 "™" ° f ^ ™ "« P^bly, of a, 

leas, two oxygen-meW bonds confers greater stability on the meral hydride white 
providing a strong support-metal bond. 

The catalyst described above can be prepared in various ways. One of the 
preparation processes can comprise the Mowing two stages- 
•5 (a) the dispersion over and *e grafting to the solid support of an organometaHic 
precursor (P) comprising the metal M bonded to at .east one hydrocarbon- 
comprising ligand, then 

0» the treatment of the product resulting from the preceding stage with hydrogen or a 
reducing agent capable of fonning a meta. M-hydrogen bond, in particular by 
hydrogenolysis of the hydrocarbon-comprising ligands 

The organometallic precursor (P) comprises the meta. M described above bonded 
.0 a. ,eas. one hydrocnrbon-comprismg ligand. It can correspond ,0 the genera, fonnula 

MR (5) 

m which M (he ^ Qf ^ u descrjbed abwe r 

-re , entica. or different saturated or unsaturated, hydrocarbon-comprising Hgands in 
~°M.a,icorali«^^ 

JspeciaUy from C, ,0 C,„, and a is an integer equa! ,0 tiie oxidation state of the 

The ntetal M in the organometallic precursor (A) cn be at an oxidation state 
lower than or, preferably, equal to its maximum value. 

The metal M can be bonded ,0 one or more carbons of the hydrocarbon- 
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comprising ligands R * one or raore ^ doub|e ^ ^ ^ ^ ^ 

be . particular a carbon-net*! single bond ofo type: m this ^ hydrocarbon . 
uprising ligand is an a ,ky. radioai, for example a iinear or branched alkyl radical The 
«em, -aiky, radica." is undemood ,o mean a monovalent aliphatic radical originating 
from the r^ova. of a hydrogen atom in the molecule of an aUcane or of an elkene or of 
m**+ for ex.mple a methyl (CH,-), ethy, (OH,.), propyl (C^-CH,), neopentyl 
WattOOM. ally. (CH^H-CH,) or ace^iene (OfaC) radical. The alky, radical 
- C for example, ""ormuUR-CH,, whe reRtoel f represent aIinearorbranched 
alkyl radical. 

It can also be a carbon-metal double bond of, type: in this case the 
hydrocarbon-uprising ligan d „ an alkyhdene radical, for exemple a linear or branched 
afcyhdene .die. The term "elkyUdene radical" is understood ,„ meen a bivalent 
altphattc radica, originating from the removal of two hydrogen atoms on the same carbon 
of the molecule of an altane or of an alkene or of an allcyne, for example a methylidene - 
(CH,=), ethyhdene (CH 3 -CH=), propylene (C,H,-CH=), neopentylidene 
«CH 5 ) 3 C-CH=) or allylidene ((CH^CH-CH-) radical. The alkybdene radical can be for 
example, of formula R-CH-, where R represents a linear or branched alkyl radical ' 

The carbon-ntetal bond can also be a triple bond: in this case, the hydrocarbon- 
compnstng ligand is an alkylidyne radical, for exantple a linear or branched alkylidyne 
— I The term "allcylidyne radica," is understood to mean a trivalent aliphatic radical 
ong.nat.ng from the removal of three hydrogen atoms on the same carbon of the 
molecule of an allcane or of an alkene or of an alkvne , for ^ „ 
(CH 3 -Cs), propylidyne (QHs-C), neopentylidyne ((CH 3 ) 3 C-C) or allylidyne 
(CH^H-C) radical. The alkylidyne radical can be, for example, of formula R-C 
where R represents a hnear or branched alky, radical. I, is preferable to have, among the 
alM, alkyhderte and alkylidyne radicals, in particular methyl, ethyl, propyl, isobuty, 
neopentyl, ally,, neopentylidene, allylidene and neopentylidyne radicals 

The metal M of the organometallic precursor (P) can be bonded to two or more 

2 d OT TT hydroCarb °-«"8 %-* chosen from efcy, ^ iem ^ 
alkyhdyne rad.cal, In particular, it can be bonded to a, least one alky, radical and to a, 
least one alkylidene or alkylidyne radical. 
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The preparation of the catalyst comprises a first stage during which the 
organometallic precursor (P) is dispersed over and grafted to a solid support, as 
described above. The support, which is preferably a metal oxide or refractory oxide, such 
as silica, is subjected to a heat treatment which is capable in particular of bringing about 
a dehydration and/or a dehydroxylation, in particular between 200 and 1 100°C, for 
several hours, for example from 2 to 48 hours, preferably from 10 to 24 hours. The 
maximum temperature of the heat treatment is preferably below the sintering temperature 
of the solid support. Thus, for a silica, a dehydration and/or a dehydroxylation can be 
carried out at a temperature of 200 to 500°C, for example of 300 to 500°C, or else at a 
temperature ranging from 500°C to the sintering temperature of the silica, in order in 
particular to form siloxane bridges at the surface of the support. 

The operations of dispersing of the organometallic precursor (P) over the solid 
support and of grafting the organometallic precursor (P) to the solid support can be 
carried out by sublimation or by bringing into contact in liquid medium or in solution. 

In the case of a sublimation operation, the organometallic precursor (P), used in 
the solid state, is heated under vacuum and under temperature and pressure conditions 
which provide for its sublimation and its migration in the vapour state onto the support. 
The latter is preferably used in pulverulent form or in the form of pellets. The 
sublimation is carried out in particular between 25 and 300°C, preferably between 50 and 
1 50°C, under vacuum. In particular, the grafting of the organometallic precursor (P) to 
the support can be monitored using infrared spectroscopic analysis. 

In the method which has just been described, the sublimation can be replaced by 
an operation of bringing into contact and a reaction in liquid or solvent medium. In this 
case, the organometallic precursor (P) is preferably dissolved in an organic solvent, such 
as pentane or ether. The reaction is then carried out by suspending the support, 
preferably in a pulverulent form, in the solution comprising the organometallic precursor 
(P) or alternatively by any other method which provides contact between the support and 
the organometallic precursor (P). The reaction can be carried out at room temperature 
(20°C) or more generally at a temperature ranging from -80°C to 150°C under an jnert 
atmosphere, for example a nitrogen atmosphere. 

The excess organometallic precursor (P) which is not attached to the support can 
be removed, for example by washing or reverse sublimation. 

8 
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The preparation of the catalyst subsequently comprises a second * , 
which theorgano^cp™, ^^^JT^*-* 
brought into contact with hydrogen or a reducing agent ^ f ^ " 

5 com P^ngIigandsbondedtothe m etaI.Itis ge neraIlv a r^ * nydrOCa,W 

ir* * — - " -2 ^rirr 

than zts maximum value. The reaction can take place under an k , 
from lO" 3 to in md A a " abs0lute P ressur <* ranging 

tromlO to !0MPa and at a temperature ranging from 25 to 400°C nr.f k, * 
100 to 300o C . The reacUon can be carried out ovt a peri d of ? " " 

1 0 24 h, pre ferably from , 0 to 20 h. ' ^ ^ *» 1 to 

The catalyst can be prepared by other methods using other n™, 
as they result in a metal hydride of the metal M which is supl TT' " " 
of catalysing an allcane metathesis. ^ ^ ^ '** iS 

Mention may be made, among the preferred catalvst, ftft tl 

• — r:; — riTjzr ■ 

Another subject-matter of the present invention is the „f 
comae, w,,h a, ,eas« one Cher starting al k a„e (A) under condition, whieh result in «K e 

equal to that of the startmg allcane (A) but at least equal to 2 
The process according to the invention can be carried out batchwise or 
contmuously. It can be carried out in the gas phase in nr.' i ■ 

~ T aMin8 *- (A ' - — «- cata, y s, 
suspended in the liquid phase. S 

agent ^h ^ " " ^ "* ~ rf - ^ "**» - gaseous 
agent, such as nitrogen, helium or argon. 

ore, °" ° M " 3 * emPera,Ure *» -30 to + 400°C 

Pteferabiy front 0 to 300°C, in particular from 20 «„ 200°C under „ 

ranging from ,0> ,o 30 MPa, preferably from lV > , 0 2 ^ ^ abS ° ,l " e ~ 
lOMPa. t0 20 particular from lO' 1 to 
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In the process according to the invention, the methane and the starting alkane(s) 
(A) can be added to the catalyst separately and in any order, or simultaneously by at least 
two separate introductions, or alternatively premixed and using a single introduction. 
The methane and the starting alkane(s) (A) can be used in a (methanerstarting alkane(s) 
(A)) molar ratio ranging from 0. 1:1 to 500:1, preferably from 1:1 to 200:1, in particular 
from 1:1 to 100:1. 

The proportion of catalyst present in the reaction mixture composed of methane 
and the starting alkane(s) (A) can be such that the molar ratio of methane to the metal M 
of the catalyst is from 10:1 to 10 5 :1, preferably from 50:1 to 10 4 :I, in particular from 
50:1 to 10 3 :1. 

The examples which follow illustrate the present invention. 
Example 1 

Preparation of a cata lyst based on supported tantalum hy dride 

A catalyst based on supported tantalum hydride [Ta] s -H is prepared in the 
following way: tris(neopentyl)neopentyIidenetantalum of general formula 
Ta[-CH2-CMe 3 ] 3 [=CH-CMe3] (in which Me represents the methyl radical) is sublimed at 
80°C in a glass reactor over a silica dehydroxylated beforehand at 500°C and is then 
grafted by a reaction at 25°C with the surface hydroxyl groups of the silica, which 
reaction corresponds to the following equation (6): 
3=SiOH + 2Ta[-CH 2 -CMe 3 ] 3 [==CH-CMe 3 ]-> 

=SiO-Ta[-CH 2 -CMe 3 ] 2 [=CH-CMe 3 ] + ( S SiO) 2 -Ta[-CH 2 -CMe 3 ][=CH-CMe 3 ] + 3CMe 4 
(6) 

The mixture of the neopentylneopentylidenetantalum compounds which are thus 
obtained, which are dispersed over and grafted to silica: 
=SiO-Ta[-CH 2 -CMe 3 ] 2 [=CH-CMe 3 ]and 
(^SiO^-Tat-CH^CMe^CH-CMea] 

is subsequently treated under hydrogen at atmospheric pressure at 150°C for 15 h, so as 
to form supported tantalum hydride species by hydrogenolysis of the neopentyl and 
neopentylidene ligands. 
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Example 2 

Preparation of a catal yst based on supported tantalum hy dride 

A catalyst based on supported tantalum hydride [Ta] s -H is prepared in the 
following way: a silica is dehydroxylated beforehand at a temperature of 500X and then 
at 1 100°C, so as to bring about the appearance at the surface of more or less strained 
siloxane bridges resulting from the condensation of the hydroxyl groups; 
tris(neopentyl)neopentylidenetantalum of general formula TaC-CHz-CMesMKSi-CMes] 
is sublimed at 80°C and reacts with the residual hydroxyl groups and the siloxane bridges 
according to the following equation (7): 



0 

Si 



SiUicj + Taf-CH;rCMe3M=CH-CMe3] 

T a r-CH 2 -CMe 3 ) 2 [=CH-CMe 3 ] 
CH^-CMej p 

Si c: 

S ' (7) 



Conversion of the neopentylneopentylidene-tantalum compounds, dispersed over 
and grafted to silica, to supported tantalum hydrides is carried out as in Example 1 by 
treatment under hydrogen. 

Example 3 

Preparation of a catalyst based on s upported tungsten hy HriH* 

A catalyst based on supported tungsten hydride [W>H is prepared in the 
following way: tris(neopentyI)neopentylidynetungsten of general formula 
W[-CH 2 -CMe 3 M=C-CMe 3 ] is sublimed at 80°C in a glass reactor over a silica 
dehydroxylated beforehand at 500°C and is then grafted by a reaction at 25°C with the 
surface hydroxyl groups of the silica. The mixture of the tungsten compounds which are 
thus obtained and supported is subsequently treated under hydrogen at atmospheric 
pressure at 150°C for 15 h, so as to form supported hydride species by hydrogenolysis of 
the neopentyl and neopentylidyne ligands. 
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Examp le 4 
Reaction »f ^ethanP wifh »tu^ nr 

The tantalum hydride supported on silica [Ta],-H catalyst ,sn 
weight of tantalum = 4.89% Ta/SiO • that .« , ( "* by 

in Example , is used. ^ ^ Prepared 

placedutdT^^^ 

placed under vacuum, ,s then filled with a mixture of »C lah.il ^ u 

- methane pp ( ,3 C-labelled) = 64.5 kPa 

- ethane pp= 1.2 kPa 

and is heated a, 165 °C under aeadv state ^ 

measured over time „„ der ^ ^ ^ Me " 0dUCtS »» 

«---^^..erjri^rr phy - 

— ^figjled meuW ann J a thjm£L ^ 




20 % C2' 



% C2* 



: ^arpercearageof "C-ua.abel.ed ethane with respect t „ thetotal 
ethane; 

nro.ar percentage of si„g.y » C -,abe»ed ethane (U^-CH,) with 
respect to the total ethane; 
: molar percentage of doubly "C-labelled ^ 
with respect to the total ethane. 
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The reactions involved in this example as main stage are as follows: 
l3 CH4 + CH3-CH3 -» CH4+ 13 CH 3 -CH 3 
,3 CR, + 13 CH 3 -CH 3 —> CH4 + ,3 CH 3 - ,3 CH 3 

It is observed, from Table 1, that the carbon-13 of the methane is gradually incorporated 
5 in the ethane molecule, which first becomes singly labelled, then doubly labelled, thereby 
showing a reaction between the methane and the ethane. 

In addition to this main stage, other reactions take place in parallel by 
conventional metathesis reactions on the labelled or unlabelled ethane according to the 
equations (1), to form in particular propane, in particular 13 C-labelled propane. 
10 Example 5 

Reaction of methane with ethane 

The reaction is carried out exactly as in Example 4, except that use is made of the 
catalyst prepared in Example 2 (40 mg; content by weight of tantalum = 4.89% 
Ta/Si0 2 ). 

15 A gradual formation of singly 13 C-IabelIed ethane, then doubly 13 C-labelled 

ethane, is observed, as in Example 4. 
Example 6 

Reaction of methane with ethane 

The reaction is carried out exactly as in Example 4, except that use is made of the 
20 catalyst prepared in Example 3 (53 mg; content by weight of tungsten = 4.96% W/Si0 2 ). 

A gradual formation of singly and then doubly 13 C-labelled ethane is observed, as 
in Example 4. 
Example 7 

Reaction of methane with propane 

25 The reaction is carried out exactly as in Example 4, except that ethane is replaced 

with propane. 

It is observed that ethane progressively labelled with I3 C is formed as main stage. 
In addition to this, other higher alkanes are progressively formed by reactions according 
to the equation (1). 
30 Example 8 

Reaction of methane with n-butane 
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Tbe r o n , Mmed om ^ „ in Exampie ^ Mcep( ^ js 



with n-butane 



>« is observed the, ethane and propane, bo,h pronely .abeUed with «C are 

rrr ^ — — 
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